Background: Hydroxychloroquine (HCQ) retinopathy can accompany other retinal complications such as cystoid macular edema (CME), which leads to central visual loss. We report a case of CME with HCQ retinopathy that improved with the use of oral acetazolamide, and discussed the possible mechanisms of CME in HCQ retinopathy using multimodal imaging modalities. Case presentation: A 62-year-old patient with systemic lupus erythematosus (SLE) and HCQ retinopathy developed bilateral CME with visual decline. Fluorescein angiography (FA) showed fluorescein leakage in the macular and midperipheral area. After treatment with oral acetazolamide (250 mg/day) for one month, CME was completely resolved, best corrected visual acuity (BCVA) improved from 20/50 to 20/25, and FA examination showed decreased dye leakage in the macular and midperipheral areas. Conclusions: In cases of vision loss in HCQ retinopathy, it is important to consider not only progression of maculopathy, but also development of CME, which can be effectively treated with oral acetazolamide.
Background
Hydroxychloroquine (HCQ) retinopathy is a form of retinal toxicity caused by HCQ and is characterized classically as a bilateral bull's-eye maculopathy, in which there is a ring of parafoveal retinal pigment epithelium (RPE) depigmentation with sparing of the fovea. HCQ retinopathy can accompany other retinal complications such as cystoid macular edema (CME) and epiretinal membrane [1] . Specifically, CME is the result of fluid accumulation in the outer plexiform layer in the macular area and leads to central visual loss.
Several treatment modalities have been shown to be effective for CME combined with other retinal diseases. In eyes with combined CME and retinitis pigmentosa, treatment with oral or topical acetazolamide can produce successful resolution of CME and functional improvement according to previous studies [2] [3] [4] [5] [6] [7] . Although the pathogenic mechanism of CME in HCQ retinopathy has not been elucidated, oral or topical acetazolamide may also be useful in the treatment of CME in HCQ retinopathy. Here, we report a case of CME in HCQ retinopathy that improved with the use of oral acetazolamide. Using multimodal imaging modalities, we explored the detailed retinal structural changes, and discussed the possible mechanisms of CME in HCQ retinopathy.
Case presentation
A 60-year-old woman visited our clinic complaining of blurred vision in both eyes. The patient had been diagnosed with systemic lupus erythematosus (SLE) and had taken HCQ for the past 20 years. Her daily dose of HCQ was 400 mg, and her total cumulative dose was estimated to be 2920 g. The patient had first come to our clinic 7 months prior, at which time her best corrected visual acuity (BCVA) was 20/30 in both eyes and fundus examination showed bilteral midperipheral retinal degeneration. Spectral-domain optical coherence tomography (SD-OCT) showed defects in the paracentral photoreceptor layers. Consistent with this finding, a visual field test revealed dense paracentral ring scotoma with decreased foveal sensitivity in both eyes (Fig. 1) . The patient reported no family history of eye diseases and no visual symptoms before the initiation of HCQ therapy, and she had no auditory symptoms. At that time, the patient was diagnosed with HCQ-induced retinal toxicity, HCQ retinopathy, and HCQ treatment was discontinued. Four months later, BCVA was maintained as 20/30 in both eyes.
During the patient's visit of visual complaint, slit lamp examination showed no specific findings and there was no inflammation in the anterior chamber or vitreous cavity; however, her BCVA had declined to 20/50. SD-OCT examination showed the presence of a cystoid space within the inner retina and fluorescein angiography (FA) showed leakage in the macular area, a presentation typically associated with cystoid macular edema (CME), as well as diffuse leakage in the midperiphery (Figs. 2 and 3). Central macular thickness (CMT) was 245 μm and 335 μm in the right and left eyes, respectively. The patient was prescribed oral acetazolamide (250 mg) once a day.
After treatment with oral acetazolamide for one month, CME was resolved in both eyes on SD-OCT images (Fig. 2) . CMT was decreased from 245 to 177 μm and from 335 to 146 μm in the right and left eyes, respectively. BCVA was improved to 20/25 in both eyes.
Follow-up FA showed decreased dye leakage in both the macular and mid-peripheral areas (Fig. 3) .
Discussion
HCQ retinopathy presents with initial photoreceptor damage in a classic parafoveal distribution, known as a "bull's eye" pattern, which corresponds to parafoveal scotomas upon visual field examination [8, 9] and parafoveal thinning of the outer nuclear layer with breakup of the ellipsoid zone and interdigitation zone lines on SD-OCT. [10] However, recent studies have shown that the initial pattern of damage in Asian eyes is more frequently in the more peripheral extramacular area near the arcades, as a pericentral pattern [11, 12] . In this pattern of retinopathy, CME may threaten relatively preserved central vision, leading to deterioration of visual function. CME can develop in various retinal disorders [13] . Macular edema associated with chloroquine (CQ) retinopathy is relatively rare, and it was reported in 5 of 78 patients during a study period from 1957 to 1979 [14] ; however, its treatment has not been discussed extensively. Although some cellular and molecular factors have been elucidated, the precise mechanisms for the formation of CME are unknown, including for HCQ retinopathy. In retinitis pigmentosa, CME formation has Fig. 1 Diagnosis of hydroxychloroquine retinopathy based on visual field examination, optical coherence tomography, and fundus autofluorescence. a Humphrey 30-2 visual field test shows dense paracentral ring scotoma with decreased foveal sensitivity in both eyes. b Spectral-domain optical coherence tomography (SD-OCT) demonstrates defects in the paracentral photoreceptor layer. c Fundus autofluorescence reveals decreased paracentral and mid-peripheral fluorescence in both eyes been suggested to involve breakdown of the bloodretinal barrier (BRB) as a result of chronic, low-grade inflammation [15] [16] [17] [18] [19] [20] [21] and decreased fluid transport efficiency of the retinal pigment epithelium [3] . CME associated with HCQ retinopathy has been reported in both leaking [22] and non-leaking [23] forms. In this case, it can be assumed that the leaking form of CME occurred owing to a mechanism such as BRB breakdown due to HCQ damage and that CME developed because such damage was not recovered even after the drug was cut off; however, the precise mechanism should be revealed in future studies.
In the present case, the CME associated with HCQ retinopathy exhibited diffuse leakage on FA that resolved with oral acetazolamide as evidenced by decreased fluorescein leakage. Acetazolamide reduces macular edema and improves visual acuity in some patients with macular edema related to certain inflammatory and degenerative eye diseases, including chronic iridocyclitis and retinitis pigmentosa [4] . With respect to mechanism, acetazolamide has been suggested to stimulate outward active transport and passive permeability across the BRB [6, 24, 25] . More specifically, acetazolamide blocks the active transport of certain ions (HCO3-, Cl-) across the retinal pigment epithelium [26] , and also hastens the rate of resorption of subretinal fluid [27] . In our patient, acetazolamide was thought to induce functional recovery of the BRB, leading to a reduction in diffuse leakage and also improvement of CME.
Use of topical dorzolamide or oral acetazolamide (250 mg/day) in patients with CME in HCQ retinopathy has been described in only one recent study [1] , which reported limited benefit. However, the patients in that study also had epiretinal membrane, which may have Fig. 2 a Cystoid macular edema (CME) shown by spectral-domain optical coherence tomography (SD-OCT). b The patient's CME completely resolved after treatment for one month with oral acetazolamide. Central macular thickness (CMT) decreased from 245 to 177 μm and from 335 to 146 μm in the right and left eyes, respectively Fig. 3 Fluorescein angiography (FA) images in the patient before (a) and after (b) oral acetazolamide therapy obtained at 2 min after fluorescein injection. Dye leakage in both the macular and mid-peripheral areas is decreased by the treatment, as demonstrated by remarkably decreased leakage in the macula and more definite demarcation of hyperfluorescent lesion in the mid-peripheral retina limited the beneficial effects of acetazolamide on reducing macular edema. Aside from carbonic anhydrase inhibitors, other treatment options for CME with HCQ retinopathy such as triamcinolone or anti-vascular endothelial growth factor antibodies have not been described in the literature. In our case, there were no accompanying structural alterations to the central macular area such as epiretinal membrane, which likely explains why acetazolamide was effective for anatomic and functional improvement of CME.
Retinitis pigmentosa associated with various types of mutations shows similar features to advanced HCQ retinopathy; therefore, retinitis pigmentosa should be carefully assessed for the differential diagnosis in patients taking HCQ medication. In the present case, the patient reported no family history of eye diseases and no visual symptoms before the initiation of HCQ therapy and she had no auditory symptoms. Genetic analyses on the associated mutations might be helpful for ruling out the possibilities of retinitis pigmentosa; however, we believe that the baseline (at the time of HCQ initiation) fullfield electroretinography (ERG) and/or multifocal ERG may be very suggestive for the differential diagnosis.
Conclusion
In conclusion, this case suggests that oral acetazolamide is an effective treatment for CME associated with HCQ retinopathy. Further prospective and comparative studies with a larger population are needed to assess the efficacy and safety of this treatment in patients with CME secondary to HCQ retinopathy.
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